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Kerogen i e  usually defined as the insoluble fraction of organic COUI- 
ponents of oil shale in contrast to the soluble fraction which is called 
bitumen (1). Structural elucidation of kerogen is difficult due to the 
following : 

(a) 

(bj 

(c) Inhomogeneity due to biogenesis. 

A l l  of these have challenged a number of researchers (3,4,5); so far the 
molecular structure of kerogen remains unsolved. 

phous and mesomorphic carbonaceous organic materials (6). It is possible 
to obtain a number of structural parameters from x-ray diffraction (7). 
The kerogen concentrate of Green River oil shale was obtained from 
iJ. E. Robinson of the Bureau of Mines. The bitumen-free sample was sub- 
jected to the usual acid leaching procedure to remove the carbonate and 
silicate minerals with ca. 10% of the ash content remaining; from the 
elemental analysis, %C is 66.4 and 7X-I is 8.8. 

The powdered sample of kerogen concentrate was packed in an aluminum 
holder and mounted in a goniometer. A tdorelco diffractameter was used to 
measure the intensities ranging from 28 = 8 to 1000. The reduced intensity 
data were  obtained by: 

Adjusting the data for polarization by (1 + cos2 2@)/2i 
Fitting the data to electronic units, A by normalization of 
the amplitude to the region of 0.40 < (sin @ > / A  < 0.50. 

Substrating tabulated values of incoherent scattering, C. 
Dividing each value by the proper value (for isolated carbon 
atoms> of the independent coherent scattering, E. 

This reduced intensity, (A-C)/E of the Green River oil shale kerogen con- 
centrate wer the angular range of (sin @ j / ~  of 0.02 to 0.50 is shown as 
the solid line in Fig. 1. 

The distance of the single peak centers at !sin @ ) / A  = 0.11 A'l definitely 
corresponds to a Y-band (sin @ / A  = 0.10 A- j. There is no perk or 
shoulder of the 002-band at (sin @ > / A  = 0.14 A-1.  
tion alone, it is concluded that there is little or no aromatic carbon 
crkeletons in the kerogen matrix. This is further substantiated by the fact 
that the controlled oxidation-derived products from oil shale contain no 
aromatic protons (8J. The low angle peak in the x-ray graph of Fig. 1 is 
shifted slightly to the high-angle side (fran 0.10 to 0.11 A-1) .  
fact may indicate that in the saturated structure there are somc isolated 
double bonds. 

Kerogen is a large complex molecule belonging to the multipolymer 
class (2). 

The insoluble nature of the kerogen is closely related to the 
non-uniform 3-dimensional gel nature of a giant crosslink net- 
work. 

A method has been developed for the structural elucidation of amor- 

(a) 
(b) 

(c) 
(d) 

The first band in =he low angle region does not appear as a doublet. 

Based on this informa- 

This 

I, 
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Th next two s t rong  bands which center  around ( s i n  @ ) / A  = 0.25 and 

0.42 A'f are general ly ,  c l a s s i f i e d  as  [ l o ]  ar.d [11J r e f l e c t i o n s ,  respec t ive ly .  
These two bands correspond t o  the f i r s t  and second nearest  neirabors  
(2.1 and 1.2 A )  i n  c y c l i c  compounds f o r  both aromatics and naphthenics. 
Since these  f a l l  i n  t h e  2-dimensional r e f l e c t i v e  region,  a number of 
t h e o r e t i c a l  ca lcu la t ions  has been made (9,10,. The simplest  procedure will 
be t h e  p r o f i l e  matching procedure. Prom ca lcu la ted  pa t te rns  of 10 and 
[11) reg ions ,  only t h e  contour  of [I11 of t h e  kerogen f i t s  t h e  sa tura ted-  
r i n g  (naphthenic) from Fig. 1. For example t h e  dash-dotted l i n e  (Fig.  1) 
i s  perhydro-a,g)! -dibenzoperylene and t h e  dash l i n e  (Fig. 1) i s  perhydro- 
anthracene. The m a x i m a  of both pa t te rns  check q u i t e  w e l l  wi th  t h e  maximum 
of t h e  p a t t e r n  of kerogen. If t h e r e  is  an aromatic-ring s t r u c t u r e  i n  
kerogen, it is a n t i c i p a t e d  t o  have a 2 o r  3 u n i t - s h i f t  i n  s i n  @ / A  
high angle region. An example i s  provided by t h e  dot ted l i n e  (Fig. 1 )  
which corresponds t o  a polycycl ic  aromatic compound, anthracene. It  i s  
evident  t h a t  the pa t te rn  of aromatic conpounds does not match t h a t  of the  
o i l  sha le  kerogen. 

Another important f e a t u r e  f o r  these  2-dimensional pa t te rns  i s  t h e  
bandwidth. As the  r i n g  number increases ,  usua l ly  t h e  bandwidth decreases (6) .  
The p r o f i l e  f o r  both [ l O J  and [111 bands of t h e  kerogen do indeed cor-  
respond t o  a 3-r ing naphthenic (dash l i n e ,  iXg.. 1 )  b e t t e r  than a 7-ring 
naphthenic (daskdot ted l i n e ,  Fig.1). I n  this instancematching should be 
emphasized on the  band shape (x-axis l ,  not on t h e  v e r t i c a l  y-direct ion 
s i n c e  t h e  i n t e n s i t i e s  a r e  r e l a t i v e .  Fron t h i s  alone it is plaus ib le  t o  
conclude t h a t  the s a t u r a t e d  c l u s t e r s  within o i l  sha le  kerogen a r e  small, 
i n  t h e  3-4-ring range. 

I n  t h e  Y - and 002-band region we have so f a r  f a i l e d  t o  loca te  t h e  
sharp  doublet  of (110] and 
wax-like long chain alkane-containing compounds (111. Usually these two 
peaks, 4.15 and 3.74 A ,  occur c lose  t o  the  
l ike-containing mater ia l s .  These c r y s t a l l i n e  r e f l e c t i o n s  are i n  a l l  pure 
long chain paraff ins .  
f r e e  end o r  f l e x i b l e  long-chain polymethylene i n  t h e  kerogen of Green 
River  o i l  s ale .  This i s  supported by t h e  f a c t  t h a t  we have not  observed 
any 725 cm-? band which i s  so c h a r a c t e r i s t i c  of t h e  -(Cy ' , (n  > 4 )  
structure i n  our i n f r a r e d  work, even a t  a lower tempera&. However one 
cannot r u l e  out t h e  p o s s i b i l i t y  of cozdensed o r  i s o l a t e d  cycloparaff in  
i n  which t h e  f l e x i b i l i t y  has been inh ib i ted .  

F i n a l l y  the mul t ip le  weak peaks between t h e  ( s i n  Q / A  = 0.28-0.35 A-1 
range i n  Fig. 1 of t h e  kerogen could suggest t h e  presence of diamond-like 
c r o s s l i n k  s t ruc tures .  One such example is t h e  [lo21 band of hexagonal 
diamond c r y s t a l l i t e .  Lf course,  there  are a l s o  p o s s i b i l i t i e s  of o ther  
contaminations. 

t o  t h e  

200 bands, a s  these  are prerequis i tes  f o r  

Y-bond i n  polymethylene chain- 

The absence of these  two bands suggests t h e r e  i s  no 

To summarize, t h e  present  x-ray d i f f r a c t i o n  method s t rongly supports 

( a )  There is l i t t l e  or n i l  aromatic carbon skeleton i n  kerogen. 
Aromaticity f o r  t h i s  kerogen approaches zero.  
t h e  Presence of i s o l a t e d  double bonded carbon s t r u c t u r e ( 1 2 ) .  

(bl  The bulk of the carbon s t r u c t u r e  i s  naphthenic containing 3-4 

t h e  following f o r  Green River  o i l  sha le  kerogen: 

There i s  a p o s s i b i l i t y  of 

r i n g s .  
c y c l i c  atoms and short-chain bridges.  

s t r u c t u r e s  i n  t h i s  kerogen. 
presence of the c ross l ink  s t r u c t u r e  of e l a t e r i t e  ( 2J  which could be con- 
!!eosed polycycloparaffin.  

I t  is possible  t h a t  t h e s e  a r e  c l u s t e r s  and are linked by he tero-  

( c /  There is  no free-end and f l e x i b l e  long-chain l i n e a r  polymethylene 
T h i s  does not r u l e  out  t h e  p o s s i b i l i t y  of t h e  

Such a s t r u c t u r e  could be foreseen a s  poly- 

1 

I 

,1 
' I  
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nuntme-like (1). since alkyl adarnantanes are easily converted by Lewis 
acid f r m  a great numbem-of p-sors including steroids and terpenoids. 

(dj The C/O atomic ratio of kerogen is 18. The distribution of 
oxygen functional groups in this kerogen is predominantly of ether type 
5%) and ester type (25%)(13). 
b) is anticipated to be largely oxygen. 

The crosslink sites of the structure of 

(e) The age of the Eocene formation of Green River oil shale kerogen 
is considered to be youthful (18). The diagenesis is expected to be still 
in progrerr. Actually the difference of bitumen versus kerogen is of 
dogre-, not of kind. The analogy is similar to the difference between 
arphaltenes and the insoluble carbenes and carboids in source rocks. In 
this sense the structure of kerogen can be reflected from the structure 
of bitumens. 

(f) 

2 

The structure of kerogen is a multi-polymer consisting of 
monomers which are the molecules so far identified from bitumen. These 
moleculer in bitumen a r e  steranes, triterpanes and isoprenoids, such as 
squalene, lycopene, cyclic carotenoids of C40 (15,, etc. The monomers 
also can be inferred as the mild oxidation products when the kerogen is 
8ubjected to oxidation by aqueous permanganate ( 8). In this instance 
the products are mono- and di-carboxylic acid homologs. 

secondary and tertiary bonding as well. The inter- and intramolecular 
hydrogen bondings as well as the charge-transfer bonding plays an important 
role. Molecular entrapment of which the molecula force is in the van 
der Waals range, become important. This is especially true since the 
nature of kerogen is camparable to a molecular sieve and can retain small 
molecules prerent in bitumens. . 

( 8 )  There is as anticipated, not only the primary bonding but 

In conclusion, a hypothetical structural model is proposed to rum- 
arrrize the above statement (Fig. 2). 
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